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ABSTRACT 
The development and implementation of new mamifacturing strategies 
has· played a critical role in today's competitive environment. . This thesis 
develops the concepts of the Just-In-Time Upgrade Manufacturing Philosophy 
( J. U.M.P.) as demonstrated by the implementation on Honeywell's ST3000 
product line. The transformation approach presented in this thesis is unique 
in many respects. Primarily, the scope of the J.U.M.P. transformation was 
extended by the additional development of an interactive cost model. This 
model provides managers with the capability to conduct "What-If' cost 
simulations in order to evaluate the effect of proposed process changes against 
unit cost. Additionally, this thesis details iterative steps necessary for a 
successful transformation from a push driven line to that of a pull driven line. 
In the case of the ST3000 product line, the following was accomplished 
as a result of this transformation: 
(1) Increase in throughput by 250%. 
(2) 98.4% first pass cumulative yield 
(3) 27% cost reduction on a per unit basis 
Therefore, the trans£ ormation undertaken for this line was a decided success 
since all the parameters tracked resulted in a positive gain. Currently, other 
divisions of Honeywell are investigating the applicability of the Just-In-Time 
Upgrade Manufacturing Philosophy for their processes. 
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CHAPTER 1 
INTRODUCTION 
In industry today we find two predominant manufacturing philosophies 
in use, one representative of a push system, and the other of a pull system. 
Both systems have their respective advantages and disadvantages and these 
will be discussed in Chapter 2. The objective, however, of this thesis was to 
trace the transformation of a production line from being structured as a push _/ 
system to that of a pull system. In order to achieve this objective, a pilot 
line was chosen at the Honeywell facility located in Fort Washington, 
Pennsylvania. This division of Honeywell is known as the Industrial 
Automation and Controls Division (IACD) and is part of the Field 
Instruments Division which has its headquarters in Phoenix, Arizona. The 
ST3000 "Smart Transmitter" production line was chosen for the 
manufacturing strategy upgrade. This product line is divided into three 
macro workcenters referred to as the "Front End", the "Workcell Area", and 
"Final Assembly". In attempting to upgrade this production line, we needed 
to better integrate these three discrete workcenters. In order to develop and 
implement the changes, we adopted a manufacturing concept known as 
"J.U.M.P.". This acronym stands for "Just-In-Time Upgrade Manufacturing 
Philosophy" and has been predominantly developed in Japan. This 
philosophy provided conceptual guidelines for adaptation and implementation 
for the ST3000 product line. In order to measure . the performance 
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improvement as a result of the transformation, the following parameters were 
tracked: 
(1) Line throughput (T) 
(2) First pass yield ( QO) 
(3) Cost per Unit (CPU) 
There were no quantitative benchmark improvement goals predefined for the 
above mentioned parameters. 
The development and implementation of the JVMP strategy for the 
ST3000 product line proved to be very interesting and challenging. This 
product line was employing the MRP manufacturing strategy and this 
resulted in the discovery of numerous wastes. A proposed upgrade to the 
MRP-II strategy was investigated and resulted in the following findings: 
• Two year implementation time frame 
• $2. 7 million investment 
This obviously was unacceptable to management who was looking for more 
immediate remedies. 
It was at this point when we started investigating the JUMP strategy 
for implementation on the ST line. Our estimates actually predicted a 
reduction in unit costs and the implementation time frame was defined as 
continual, starting immediately. 
The Just-In-Time Upgrade Manufacturing Philosophy { J. U.M.P.) is 
comprised of three iterative levels. They are: {i) Built-In-Quality Assurance; 
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(ii) Production. Smoothing; and {iii} J.l. T.-A utonomation. All three need to 
C-
he constantly reviewed in order to ensure continual improvement. 
The second level of this philosophy is the most important level and is 
comprised of three categories, namely: (i) Operational K aizen; (ii) Equipment 
Kaizen; and {iii} Process Kaizen. "Kaizen" is the Japanese word for 
streamlining or smoothing. 
The transformation approach presented in this thesis is unique in many 
respects. First of all, the scope of the JUMP implementation was extended 
by the additional development of an interactive cost model. This model 
provided managers with the capability to conduct "What-If' cost simulations, 
thus enabling them to study the effects of varying either the direct labor, 
direct material, or overhead allocation at a particular _workcenter. Secondly, 
the model also tracked cumulative workcenter and transmitter costs which 
aid in defective part resolution. Defective part resolution is twofold - either 
rework or scrap. Thirdly, the thesis provides an iterative analysis of how to 
efficiently transform production lines while maintaining overall throughput. 
The Honeywell ST3000 "Smart Transmitter" is used for the 
measurement of levels, temperatures, pressures, and flows in industrial 
processes. The transmitters are dubbed "smart" because they use sensors in 
conjunction with on-board microprocessors that processes and measure signals 
right at the sensor. Additionally, digital communication is used for signal 
4 
encoding and communications which enhances the accuracy of the 
transmitter signals. 
There are three primary transmitter categories, namely: (i) Delta 
Pressure (D.P.); (ii) Gage Pressure (G.P.); and (iii) Absolute Pressure (A.P.). 
Within each category, we find numerous family classifications which are 
based on transmitter calibration specifications. Included in the Appendix, 
Section A.1, is a ST3000 Process Flow chart which traces the operations 
required for each transmitter. In Appendix Section A.2 is a cost model which 
was developed for the 400 inch Delta Pressure Transmitter. This transmitter 
class accounts for nearly 65% of all orders and hence was chosen as an 
example. The structure and importance of this cost model will be discussed 
in Chapter 5. 
The ST3000 transmitter is also used in conjunction with Honeywell's 
TDC3000 (Total Distributed Control)' Systems. The TDC3000 System is 
responsible for providing distributed process control capabilities to remote 
monitoring stations. These systems are usually customized per application. 
There is a substantial demand for enhanced process control capabilities by 
customers in industry today. 
The ST3000 transmitter provides this capability to the process 
industries. Oil refineries, chemical firms and food processing firms are some 
examples of these types of industries. The ST3000 transmitter is still in its 
early stages of its product life cycle and has continued to exhibit a growing 
demand. 
5 
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Chapter 2 of the thesis provides the underlying concepts for both the 
push and pull manufacturing strategies. Push systems will be characterized 
by Materials Requirement Planning Systems (MRP-I) and Manufacturing 
Resource Planning Systems {MRP-II), both of which are more predominant 
in the United States. Pull systems will be characterized by the KANBAN 
System found more predominantly in Japan. Additionally, Chapter 2 will 
discuss the advantages and disadvantages of each system. Chapter 3 details 
the "JUMP" strategy and further expands the three iterative levels 
mentioned in Section 1.2. In Chapter 4, I will develop quantitative models 
for each system and analyze the impact on product quality. A cost model 
· will subsequently be developed for the ST3000 pressure transmitter in 
Chapter 5. Chapter 6 will detail the development and implementation of the 
pull system for the ST3000 product line. Wherever necessary, these chapters 
include examples and illustrations to support the concepts presented. In 
Chapter 7, I will discuss the steps for a successful JUMP transformation. 
Finally, Chapter 8 contains the conclusion and general discussion of the work 
presented. The Appendix contains a process flow diagram for the ST3000 
production line and a completed cost model for the 400 inch Delta Pressure 
ST3000 Transmitter. 
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CHAPTER 2 
COMPARATIVE ANALYSIS of 
PUSH vs. PULL SYSTEMS 
The earliest manufacturing system developed to help manage inventory 
and optimize production scheduling was referred to as the Materials 
Requirement Planning {M.R.P.-I) System. MRP-I is representative of a push 
system since it utilizes a master schedule to drive its production schedule as 
well as the movement of materials in the factory in a top-down fashion. It is 
not based on the actual demand exhibited by the marketplace but rather on a 
marketing forecast. This forecast is provided to the Manufacturing 
Department which then uses an MRP software package to disaggregate the 
master schedule_ and plan production releases. The key objective of an MRP 
system is to provide start and finish dates for various batches while 
maintaining high machine utilization and low inventory levels. By the early 
1970's, numerous domestic companies had installed MRP-I systems [8]. 
However, it was soon discovered that the scope of these systems was limited 
and proved inadequate for manufacturing planning purposes. 
' 
In the early 1980's, the next generation of this system was released. 
This system was known as the Manufacturing Resource Planning {M.R.P.-11} 
System and also utilized push system techniques. The scope of MRP-II 
systems was expanded to include manufacturing, marketing, finance, and 
7 
engineering in an integrated closed-loop system that maintained all the 
planning and financial details of the company. Secondly, MRP-11 systems 
have the capability to use simulation techniques thus enabling personnel to 
better evaluate various production options. This "What-If" capability 
enhanced the planning of production releases and provided a higher degree of 
/ 
accuracy. 
Figure 2.1 [1] shows the typical flow in a push system. The downward 
arrows connect various operational areas. In both MRP-I and MRP-II 
systems, the material releases follow the same direction. MRP-I systems 
however were not capable of providing feedback to allow for correction in case 
of changes in the schedule or trouble with the production process. MRP-II 
systems, on the other hand, are closed loop systems and hence have the 
capability to re-optimize the production schedules due to variations incurred 
further downstream. Additionally, MRP-11 systems have the capability of 
prioritizing production releases to help maintain shipment dates on the 
orders. 
Overall, push systems are characteristic of providing long-range, 
strategic decision makin:g capabilities [11]. This capability is best utilized at 
a macro level. However, this does not necessarily translate' into optimal 
planning at the production floor, or micro, level. Due to inherent noise 
factors, or associated variability of a line, there is product fallout at various 
workcenters that needs to be accounted for by the scheduling system. Push 
systems are typically too slow in correcting schedules. This makes the 
scheduling process very complex and tedious since the new production 
8 
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releases are already inconsistent with what's available on the factory floor [l]. 
Constant revision of the production schedule leads to having an excess of 
work-in-process and final goods inventory on hand~ This is a contradiction of 
objectives as push systems were designed to reduce the inventory levels as 
opposed to increasing them. The primary reason for this dichotomy existing 
are marketing forecasts, which more often than not, are inflated to account 
for demand variations. Below is a summary of the major advantages and 
disadvantages of push systems [11]. 
ADVANTAGES: 
• Ability to provide long-range, strategic decision making 
capabilities via the integration of manufacturing, 
marketing, finance, and engineering personnel. 
• Simulation capability to enable more accurate production 
scheduling. 
• Closed loop capability to re-optimize schedules due to 
process variation encountered further downstream. 
• Incorporation of capacity planning requirements in order to 
maintain high machine utilization. 
• Priority planning capability with reasonable time estimates 
to ensure improved control over delayed shipments. 
9 
Sales Forecast 
I 
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j 
Production Master Schedule 
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Finished Goods Inventories 
1 
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Figure 2.1 Build, schedule, and materials :flow in a push system [1, p.13) 
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DISADVANTAGES: 
• Excess work-in-process and finished goods inventory due to production 
releases being tied into marketing forecasts. 
• Inability to predict process variations occurring further 
downstream due to machine failures or other factors. 
• Excess inventory on· hand as reflected by the maintenance of 
safety stock levels [See FIGURE 2.2]. 
• Waste of floor space due to excess work-in-process inventory 
levels being maintained while waiting for customer orders. 
• Low inventory turns as a resul~ __ of producing against 
marketing forecasts and not actual end orders. 
• Increased product cost due to the addition of non-value 
added elements like increased storage and carrying costs 
of inventory. 
11 
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Figure 2.2 MRP part procurement process (1, p.97] 
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The Kanban System is characteristic of a pull system. The major 
difference between push and pull systems can be found in their scheduling 
methodologies of inventory. In a pull system, the production schedule is 
based on actual customer orders and not on a marketing forecast. 
Furthermore, a pull system has one simple rule: Move materials in the 
production line only when they are needed. This need is initiated by the last 
work station in the assembly sequence and is expressed via the utilization of 
Kanban cards. Once a production request has been generated, it triggers a 
chain reaction to 'its immediate predecessor which in turn does the same to 
its predecessor [See Figure 2.3] This reaction continues until a request is 
eventually received by the first station to replenish a certain amount of a 
certain product to its successor. The requests are made by using Kanban 
cards, which are nothing other than index cards with part identifications and 
requested quantities shown on them. 
There are two types of Kanban cards that are used in managing the 
flow of inventory between stations: a withdrawal Kanban and a production 
Kanban. Two different colors are used to enable workers to distinguish 
between the two types of cards. A withdrawal Kanban card travels between 
workcenters and is used to authorize the movement of parts from one 
workcenter to another. This card must specify the part number, the lot size, 
the preceding process name, and the subsequent process name. This card 
sfays with the lot until the subsequent process has exhausted the last part in 
13 
the original lot. · Then only is it recycled to request a new lot from the 
preceding station. 
The second type of Kanban card is known as the production Kanban 
card. The production Kanban cards job is to release an order to the 
preceding station to build more 
Stock Location ( Repetitive Issues) 
Kanban A Kanban B Kanban C 
PROCESS A PROCESS B PROCESS C 
81 Cl 
Kan ban A 1 Kanban B 1 Kanban Cl 
A2 82 C2 
~ Kanban 82 Kanban C2 
Kanban A2 
83 C3 
Manufacturing Process (WIP) 
01 
Back flush Transaction 
Finished Goods 
Figure 2.3 Repetitive Kanban proces,s (1, p.68] 
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parts. Then one uses a withdrawal Kanban to move the built components 
between workstations. This is referred to as a 2-card Kanban system and is 
depicted in Figure 2.4. The production Kanban card is queued with others at 
the previous workcenter and they are processed in a first-in-first-out manner. 
As they are processed, the components are placed in a local staging area 
while they await a withdrawal Kanban card. This is depicted in Figure 2.4 as. 
well. This staging area is maintained within each workstation and- effectively 
restricts excess production due to the lack of space to store finished 
components. More importantly though, both types of Kanban cards restrict 
overproduction and follow the 
simple rule mentioned above. In addition, there are the following rules that 
need to be implemented to fully exploit the advantages of Kanban systems [1, 
p.58]: 
RULE 1: Move a Kanban lot only when the lot it represents is consumed. 
RULE 2: No withdrawal of parts is allowed without a Kanban card. 
RULE 3: The number of parts issued to the subsequent station must be the 
exact number specified by the Kanban card. Do not issue partial 
Kanban's as this disrupts the balance of the system. 
RULE 4: A Kanban card should always be attached to its appropriate lot of 
parts. 
RULE 5: The preceding process should always produce its parts in the 
quantities withdrawn by the subsequent process.· This serves 
to pace the two types of Kanban cards and maintain balance. 
15 
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RULE 6: Defective parts should NEVER be conve
yed to the subsequent 
process. 
RULE 7: Process the Kanhan production cards st
rictly in the order 
they were received to maintain a first-in-first-out methodology
. 
Process A 
Production Kanbans 
Process B 
Production Kanbans 
Process C 
Production Kanbans 
Withdraw! Kanbans 
Preceding Process Staging 
Area (for B) 
Kanban 1 
Kanban 2 
Preceding Process Staging 
Area {for C) 
Kanban 1 
Kanban 2 
Preceding Process Staging 
Area\ for D) 
Kanban 1 
Kanban 2 
Fig. 2.4 Interaction of production and withdrawal K
anhan cards in 3 workcenters [1, p.57] 
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There are however some disadvantages of Kanban systems. First of all, , 
Kanban systems do not have the capability to plan at a macro level as do 
push systems [1]. This is because the stations are only in liaison w:ith their 
immediate predecessor and successor and this limits their overall view of the 
· process. Th~ only information available to the material planner is what is 
required between stations based on actual consumption. Hence this system is 
made up of such links which prove difficult to analyze on a macro scale. 
Secondly as shown in Figure 2.5, Kanban system are very susceptible to 
incoming inventory. fluctuations as the companies do not hold any safety 
stocks of components. This is partly due to the lack of space available in 
Japan. However, as a result of this, the Japanese manufacturers have 
developed very strong vendor alliances and this enables them to receive small 
lot sizes more frequently from their suppliers. This alliance is also 
strengthened by the fact that the Japanese commit to longer planning 
horizons as seen in comparing Figures 2.2 and 2.5. 
Overall, there are several advantages to utilizing a pull system to 
manage inventory and production. The predominant advantage is the 
effective restriction of overproduction that results due to the utilization of 
actual customer orders to schedule upstream production as opposed to using a 
forecast. Consequently, lower work-in-process and finished goods inventories 
are maintained thereby increasing one's inventory turns. Additionally, a pull 
system is ~apable of being readily modified or adapted on a localized scale 
without having adverse repercussions on a macro level across the entire 
production line. This is because at any one time, a workcenter domain only 
17 
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extends as far as it immediate predecessor as well as immediate successor.· 
This provides a more conducive environment for continual improvement . 
Just-In· Time 
System 
One Supplier 
. 18-to·24·month parts commitment 
100% --------------------
Commitment 
-
Safety 
Stock= 0 
Process 
Demand 
6-Month 
Forecast 
1-Month 
Release 
+/- 10% 
Frequent 
Deliveries 
________________ ---(,._. 
~t Lead / _/«;' 
/ Timy /· 
DDDDDDDDODDDDODDD 
Figure 2.5 Kanban part procurement [1, p.16] 
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Figure 2.6 below ·provides us with a comparative perspective on the two 
manufacturing strategies and their accommodation of production schedules. 
It does not however provide a relative comparison of relative parameters such 
as first pass quality, and associated product costs. These will be compared in 
Chapter 4 and quantitative models will be presented to support each 
strategy. 
In the next chapter, we examme the evolution of the Just-In-Time 
Upgrade Manufacturing Philosophy (J.U.M.P.). This philosophy is critical in 
the transformation or integration of pull techniques into a production line. 
Push System Pull System 
Material Stock Location I I Material Stock Location I 
Build Sc hedule \ 
Kanb an A 
Work Center A Work Center A 
Kanb an 8 
Work Center B Work Center B 
I Kanb an C 
'' 
Work Center C Work Center C ~ 
Bui Id Schedule 
I Finished Goods I I Finished Goods I 
Figure 2.6 Material and schedule flow in a push and pull system [1, p.53] 
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CHAPTER 3 
JUST-IN-TIME UPGRADE MANUFACTURING 
PHILOSOPHY 
The Just-In-Time Upgrade Manufacturing Philosophy (J.U.M.P.) has 
evolved primarily in Japan. The Japanese manufacturers have been pursuing 
the development of pull systems very actively and JUMP provides conceptual 
guidelines for such an implementation. This philosophy enables the 
. 
manufacturer to optimally control his/her inventory and production levels by 
modifying the master production schedule. 
In a JUMP pull system, the master production schedule is not based on 
a marketing forecast but rather on actual customer orders. There are several 
inherent advantages to this, namely: 
(1) The scheduling function is much easier as one is now producing to 
actual orders as opposed to a forecast [13]. In repetitive 
manufacturing systems, with a large number of final products, the 
utilization of customer orders as the finished goods schedule enables 
more efficient processing of orders. The actual schedule to be 
processed is based on an actual order and not on a master production 
schedule which is based on a forecast. This one-to-one correspondence 
provides the scheduler with the capability to schedule and trace orders 
more optimally and reduces the degree of fluctuation associated with 
this function. 
20 
(2) The final goods as well as work-in-process inventory levels are greatly 
reduced and this reduces inventory camflng ~ts significantly. If the 
rules mentioned in Chapter 2 are followed the Kanban cards will 
control the amount of inventory present in the system and maintain it 
at a predetermined level. This eliminates all associated inventory 
fluctuations which translated into lower carrying costs. 
(3) Inventory and sub-assemblies are now pulled downstream by the last 
station in the assembly line and are not scheduled upstream by the 
first station. This increases the efficiency of order processing by 
reducing associated noise factors that affect product quality. Stations 
are required to send only good assemblies to each other. All defects 
are localized at the stations and do not enter the finished goods 
assembly workcenter. This increases the the product quality 
associated with the assembly line since we are only assembling good 
components. 
(4) There is an effective restriction of overproduction since it is necessary 
to have a customer order before any production releases can take 
place. 
This schedule is referred to as a final assembly schedule as opposed to a 
master schedule. Harley Davidson's manufacturing facility in York, 
Pennsylvania has adopted a similar approach and refers to it as the M.A.N. 
(Materials As Needed} System [2]. This system enabled Harley Davidson to 
switch over from· a batch production of one model mode to a random model 
' 
mix capable of assembling all fourteen 1985 motorcycle models. 
The 
imminent threat of Japanese competition forced the motorcycle builder to 
21 
adopt a strategy that focused on quality and efficiency. The goal of the MAN· 
System was to enable Harley to improve quality, streamline manufacturing 
efficiency, and reduce costs. These goals are analogou~ to those defined by\
 
the JUMP system and will be detailed in Section 3.4. 
Secondly, during the evolution of the JUMP system the Japanese focused 
on developing strategic vendor alliances [12]. This helped facilitate DOCK-
to-SHOP movement of incoming inventory. In such a scenario, the vendor is 
required to supply components in predefined quantities as well as in the type 
of packaging (usually recyclable Kanban totes) requested by the company. 
This enables the inventory to go right to the shop floor for utilization without 
having to spend time in a stock room. The incoming inventory also bypasses 
incoming inspection. Such a system helps reduce product cost by reducing 
the associated storage and inspection costs. The vendor-company link 
however should be very reliable, for otherwise this philosophy would not be 
very efficient from an inventory control standpoint. 
The JUMP system is comprised of three main iterative levels, namely (i) 
Built-In-Quality Assurance; {ii) Production Smoothing; and {iii) J.l. T.-
A utonomation. These will be discussed in the next section. 
r2.·····r1·,.·.c······,.·,.·.·.·.•.·,,a .............................................. ,f}f'll''·j:j''··o···:··1 
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As mentioned in the previous section, the JUMP system is comprised of 
three main iterative levels [SEE FIGURE 3.1]. All three are important and 
need to be periodically reviewed in order to ensure continual improvement. 
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The first building block~ Built-In-Quality Assurance [10], has been . 
continually developed since World War II. The Japanese industry embraced 
the principles of quality control and rigorously implemented principles of 
Statistical Quality Control (SQC) and Statistical Process Control (SPC). 
This obsession with Total Quality Control ( TQC), which boosted Japan to 
the current economic stature it enjoys, provides the primary foundation for 
the JUMP system. In essence, critical evaluation must be done of the 
product to ensure above average quality specifications before it is released to 
the marketplace. The Deming Award for Outstanding Quality Achievement, 
which is awarded yearly to a company which furthered the element of quality 
improvement in the their product and/or process, is a reflection of how avidly 
the Japanese support TQC. 
FOUNDATION OF J.U.M.P. 
BUILT -IN-QUALITY 
ASSURANCE (TQC) 
I 
PRODUCTION SMOOTHING 
( STREAMLINING) 
I 
I I 
J.1.T. , AUTONOMATION 
(·KANBAW) (·JIDOKA·) 
-AUTONOMY 
-
AUTOMATION 
FIGURE 3.1 Foundation of JUMP 
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Building on this firm foundation, we have the concept of Production 
Smoothing [10]. The Japanese refer to this concept as "Kaizen", which means 
production smoothing or streamlining in Japanese. The objective of Kaizen is 
to reduce and/or eliminate "Muda", or waste, in the system. Waste, 
according to Richard Schonberger [3], can be found in approaches to qu~lity, 
design, purchasing, plant configuration, scheduling, mat~rial handling, 
material control and shop floor control. The author recommends 
implementing a J .I. T. system to help facilitate the reduction of waste which 
also reduces product cost. In order to focus on the "Muda" in a facility, 
JUMP expands the concept of Kaizen into three sub-categories, namely: (i) 
Operational Kaizen; {ii) Equipment Kaizen; and {iii) Process Kaizen. 
Section 3.3 will detail the Kaizen functionality as well as its components. 
Thirdly, we have a collation of two elements that build on the 
foundation laid by the streamlining of our flow. They are J.I. T. {KANBAN} 
and Autonomation (or "JIDOKA ") [10]. The first component, 
J .I. T. /KANBAN, is responsible for effectively restricting overproduction via 
the utilization of Kanban Cards and Cycle Action Cards {CAT's). These 
cards trigger the production and replenishment of components throughout the 
various workcenters in the factory. The "Jidoka" component is reflective of 
the idea the Japanese have regarding the autonomation of a process. The 
word autonomation has been coined by the Japanese and is derived from the 
integration of the words autonomy and automation. The efforts of JUMP are 
directed toward the development and implementation of factory workcenters 
that have Jidoka built into them. In this fashion, they can work as stand-
alone entities in the production line ( the autonomy element) as well as be 
( 
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automated to help facilitate optimal machine utilization while maiI1taining 
short production cycles. The automation element is also impo:rtant since it 
makes the production cycles repeatable to enable sequential and iterative 
production of various batches. 
The autonomation concept has parallels to the Modular Manufacturing 
System (MMS} [4] discussed by Tomkins and White [1984] in their book 
"Facilities Planning". An MMS has the following characteristics: 
(1) Standardized handling and storage of components. 
(2) Independent production units (e.g. manufacturing, 
assembly, inspection, etc.). 
(3) Flexible material handling system. 
(4) Centralized work-in-process storage. 
(5) High degree of control. 
As we can see, a JUMP system has, inherent to it, various modularized 
components which are capable of operating independent of one another. This 
"" element of autonomy further provides these systems with a high degree of 
flexibility as well as control. Overall, autonomation provides most of the 
features desired by a Modularized Manufacturing System as well as the 
ability to implement short cycle manufacturing techniques while maintaining 
low levels of inventory. 
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The second level of the JUMP foundation is referred to as the 
Production Smoothing ( or Streamlining) level. The Japanese word for this is 
"Kaizen". The _complete definition of Kaizen is as follows [10, p.150) : 
Kaizen is the optimal streamHuing of the production 
process with an associated capital investment targeted 
for long term growth. Continual improvement is 
critical for successful implementation and management. 
The Kaizen functionality is comprised of three sub-categories, namely: {i} 
Operational Kaizen; (ii} Equipment Kaizen; and (iii} Process Kaizen. These 
three elements help capture all of the various areas of improvement that are 
possible for a product line. By the effective continual improvement of these 
three Kaizens a company can hope to streamline or smooth the production 
flow for its line. 
Operational Kaizen focuses on the production of various batches with 
lot sizes being equal to one. This is critical because it provides a high degree 
of flexibility from a scheduling standpoint and assures us that the set-up time 
associated with each batch has been reduced to zero. This is achieved by 
standardizing and grouping associated operations for numerous different 
compon~nts. Overall, this results in a higher rate of production. 
Secondly, Operational Kaizen advo~ates the development of a "Chaku-r 
Chaku" line. A Chaku-Chaku line helps balance the interaction between man 
and machine at a workcenter level. This balancing between man/machine is 
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· mainly concerned with providing the operator all the necessary tools and 
information, in a timely and organized manner, so as to enable him/her to do 
the job required in an efficient manner. An example of this is the system 
developed by DocuGraphix known as the Manufacturing Operation 
Documentation System (MODS™) [5]. The DocuGraphix MODS™ system 
is a comprehensive, fully integrated and functional computer based system 
capable of creating, revising, controlling, and distributing manufacturing 
documentation to the factory floor [SEE FIGURE 3.2] . . This system has been 
implemented by the Applied Technology Division of Litton Industries which 
manufactures over 20,000 radar warning systems for 40-plus types of aircraft. 
By automating the manufacturing documentation process, the following 
benefits can be re~lized (as reported by DocuGraphix in Philadelphia) [5]: 
(1) 50% reduction in operator induced errors caused by information errors. 
(2) 20% reduction in reject rate. 
(3) 40-50% reduction in time to create new manufacturing documents. 
( 4) 70-90% reduction in time to revise manufacturing documents. 
(5) The right information at the right time to the factory floor reduces 
rework and scrap thus promoting quality. 
In pushing towards the "paperless" factory however, we must keep in mi~d 
that the operators need to be re-trained to ensure their understanding and 
acceptance of new technologies. Employee inyolvement at all stages of 
development is critical. It means that all employees are involved as problem 
solvers and implementers. This is further demo~strated by the development 
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of Quality Circles in most Japanese companies. These quality circles enable 
employees to contribute valuable process ideas as well as receive recognition 
for their contributions. 
Secondly, the Chaku-Chaku line concept advocates a cross-training of 
personnel, thus encouraging the development of workteams. The workteam 
concept is one of the basic prerequisites for an optimally functioning Kanban 
system as described by Horst Wildemann in his paper titled, "Application of 
the Kanban System in German Companies" [6]. Flexible personnel 
assignments are stressed in this paper as this encourages workers to be fluent 
in all areas of the production cycle and provides them with a greater feeling 
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of contribution. Additionally, this enables workers to rotate between 
workcenters and hence 
reduces, to a great extent, the degree of monotony associated with the 
traditional assembly line. 
Equipment Kaizen, on the other_ hand, investigates methods that will 
help autonomate the production process. For example, it looks into the 
possibility of more efficient part orientation and placement in an effort to 
reduce the total part handling time for all of the operations. Equipment 
Kaizen also integrates data communication between the various workstations. 
The ST3000 product line was integrated by utilizing a Charles River 
Database System™ that interfaced with the Work-ln-Prncess Tracking 
System. This system will be detailed in Section 6.5. Databases used to track 
customer orders provide the capability to help the Marketing Department 
give customers more accurate information about their order and delivery 
dates. Equipment Kaizen hence strives toward achieving a controlled 
information environment via the effective utilization of data communication 
links. 
Lastly, we have Process Kaizen. Process Kaizen deals mainly with the 
complete implementation of a pull system to systematically integrate the 
entire autonomated production line. Process Kaizen helps orchestrate the 
other two pnd is mainly responsible for the logistics behind the new 
improvements. However, all three sub-categories are equally important and 
one must invest time into each to ensure that the production smoothing 
improvements made result in a positive gain for the company. 
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The Just-In-Time Upgrade Manufacturing Philosophy has been quite 
effective when incorporated with a full pull system. This philosophy has been 
primarily developed and refined by the Toyota Corporation in Japan. Other 
\ 
companies which are currently investigating or implementing some of the 
JUMP principles are Sony, Y amatake-Honeywell, and Matsushita 
Corporation. In the United States, we see companies like Harley Davidson 
adopting some of the Kanban principles advocated. For example the 
Materials As Needed (MAN) program, currently underway at the York 
facility of Harley Davidson, is very similar to a pull system. 
Overall, the goals of this philosophy can be summarized into the 
following eight points [12]: 
(1) "One-at-a-Time" manufacturing process. Strive to achieve reduction 
of one's batch sizes down to that of (1) to help facilitate more effective 
part scheduling and control. 
(2) Continuous improvement with budgeted capital investment targeted 
for long term growth. Upgrading facilities to ensure comparative 
advantage maintained over competitors. 
(3) In order to make a. process "mistake proof" or "fail safe" try to avoid 
simple human errors at work. Provide operators with the necessary 
tools in an effort to limit such errors. 
( 4) "Team Development" - volunteer to help each other set-up and clean 
up so as to optimize the output of production lines .. Cross-train 
employees to better enable them to detect and resolve quality 
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problems. This results in the elimination of inspectors as each 
operator is capable of inspecting his /her own work. 
(5) Eliminate waste in over-prod~ction, waiting, conveyance, processing, 
inventory, motion, and correction. 
(6) Empower operators to stop the line to prevent further defects from 
moving downstream. In this manner, no non-productive value is 
added to an assembly which only results in an increase in the unit 
cost. 
(7) Base all decisions on experience/facts and not on emotions. 
(8) Management must be a key partner on the quality ,process. 
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CHAPTER 4 
QUANTITATIVE MODELS 
for PRODUCT QUALITY and COST 
M.R.P. based systems typically utilize distributed inspection t~chniques 
to inspect products. As shown in Figure 4.1, these inspection stations can be 
situated after any number of workcenters. This complicates the inspection 
process since the number. of permutations of failures grows exponentially as 
more untested components or assemblies are added to the product. The 
following formulae demonstrates the above concept [7]: 
Let: <Ii= 
ID·= I 
probability that component or assembly is defective 
at station i. 
probability that given a defect we will detect 
it at station i and replace it with another 
component or assembly. 
Given these conditions, one of the following three situations can arise at a 
workcenter or station: 
component or assembly is defective and is 
detected and replaced at the station. 
component or assembly is defective but is NOT 
detected at current workstation and sent to 
next one for subsequent assembly operations. 
component or assembly is not defective and is 
properly assembled. 
Based on the above mentioned, the following holds true [1]: 
[Equation 4.1] 
Now let n represent the number of workcenters in an assembly line. So the 
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complete distribution for the assembly line is: 
I 
[Equation 4.2J 
Overall, we are interested in the _proportion of acceptable product 
coming off an assembly line. This can be calculated as follows: 
Let Pap = proportion of acceptable product from assembly line 
[Equation 4.3] 
The distribution given in Equation 4.2 can then be segmented according to 
the orientation of inspection stations with respect to the workcenters. A full 
---
expansion of Equation 4.2 is dependent on the number of components added 
at a workstation as well the number of operations performed. The 
relationship that exists exhibits an inversely proportional trait. So, if: 
ci = number of components added at a station 
oi = number of operations performed per station 
We find that: 
Papi= proportion of acceptable parts produced at station i 
decreases as ci and oi increase. Furthermore, since we are not inspecting the 
components or assemblies before sending them onto the next station, we 
feasibly can be adding labor and material costs to a defective sub-assembly. 
. 
. • -
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The cost per piece can next be calculated from the following set of 
equations: 
Let: Cpc = cost per piece 
Cm = material cost per unit of production 
CL = cost rate of production line, including operators 
then, 
and equipment 
Ct = cost of tooling per unit of production 
CR = cost to repair components per unit 
T P = average production time per unit 
[Equation 4.4] 
n 
or, Cpc =Cm+ CLTP +Ct+ CR(l-_lI { 1- <Ji+ mi<Ii }) 
i=l [Equation 4.5] 
Equation 4.4 assumes that all defects resulted in scrap, hence there was no 
associated rework cost. Equation 4.5 assumes that all defective components 
were reworked. In actual situations, however, there would be an interaction 
of both Eq. 4.4 and Eq. 4.5 and we would · need percentages of product 
reworked and scrapped. These equations, however, do not account for the 
inspection costs accrued. Equation 4.6 below can be used to determine costs 
associated with components which are inspected, and then either reworked or 
scrapped. 
Let: lpc = inspection cost per piece 
% R = percentage of components reworked 
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- then, 
Cm+ CiTp +ct+ lpc+ %~CR(l-8 { 1- 'Ii+ IDtJi })} 
{(1-%R) 8 { 1- <Ji+ m,<li }} 
[Equation 4.6] 
Distributive inspections cause the time spent diagnosing a product 
assembly to increase which subsequently increases unit cost. If each 
workcenter tested and only supplied good assemblies to the subsequent one, 
this time wastage would not exist. Also, we would be able to increase the 
first pass quality yield of components since all defects remain at their 
localized workcenter level and do not enter the main assembly. This is 
e~actly the methodology adopted in a pull system [See Section 2.2, Rule #6). 
Once the failure has been diagnosed, the assembly is either scrapped or 
recycled through the workcenters for rework. This recycling of rework 
components causes fluctuations in the production schedule and hence renders 
it to be non-optimal. Since we are unable to predict when a component or 
sub-assembly will require to be reworked or scrapped, the M.R.P. scheduling 
algorithm cannot factor this into its production and capacity plan. This then 
results in the funnel shape we see in Figure 4.1. In essence, what we hoped to 
have available at thec,end of the assembly line is not realized. This results in 
shortages of required assemblies for customer orders as well as surpluses of 
assemblies for which there is no demand. The production schedule was based 
on a forecast and not actual demand. Planning against a forecast therefore 
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results in excess finished goods inventory levels being carried in a effort to 
have all product configurations available for customers. 
Kanban systems typically require that all components or sub-assemblies 
be tested in the workcenter before they are passed onto the subsequent 
station for processing. This eliminates independent inspection stations that 
are commonly found in push systems as well as the associated cost of 
distributive inspection. Therefore, each workcenter in a Kanban System 
keeps all defective products/components localized and prevents them from 
entering the mainstream assembly of finished components. First of all, this 
tremendously increases the first pass quality yield figures for a Kanban line. 
Secondly, it eliminates the muda (or waste) associated with diagnosing an 
assembly, which can have numerous permutative defects due to the number 
of uninspected components/assemblies having been added at various previous 
workstations .. 
This enables a pull system to maintain a smooth production flow or 
Kaizen. The resultant balanced production schedule is depicted in the pipe 
configuration we see in Figure 4.2. There are no surprises passed between 
r stations. Any movement between stations is comprised of only good 
inventory. In addition, since product is now being pulled against customer 
orders, and not being built against a forecast, we have very low levels of 
finished goods inventory. There is a one-to-one correspondence between what 
is received by the final station and what needs to be shipped. Using the 
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notations developed in Section 4.1, we can see that the distribution for a 
Kanban system is as follows: 
[Equation 4. 7] 
V 
However, when we examine the proportion of acceptable µnits produced by 
the assembly line (Pap), we get the same result as in Equation 4.3.· This is to 
be expected as in both instances, we are factoring out any defects that are 
produced - either at a localized level (pull system) or at a macro level (push 
system) .. 
The production cost per piece, as calculated by Equations 4.4, 4.5, and 
4.6 also remain the same. However, we must keep in mind that in a Kanban 
system, we are not adding any defective components which would need to be 
removed and replaced (as in a push system), and thereby we are able_ to 
effectively reduce our non-value added costs. This subsequently reduces our 
overall per unit cost. The Japanese manufacturers use this reduced cost 
figure, coupled with higher quality standards, to find a niche in the existing 
markets. Price is a key factor in consumer buying patterns, and is followed 
closely by quality and the Japanese have successfully provided both. The car 
industry is an obvious example. Honda, Toyota, Subaru, and Nissan all 
penetrated the markets with good quality, good value automobiles. This 
severely crippled the domestic car manufacturers. The Japanese adopted a 
variation of cost accounting to determine the selling cost of their products[2]. 
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There are two ways of expressing the profit/cost relationship. Namely: 
or 
~1\1:1::::::::::::::1iii,::::1::::s.i1li;«:::1111:1t:l!:llil\lll:::::::::1:::::::::::::::::::::1 
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[Equation 4.8] 
[Equation 4.9] 
Mathematically they are equivalent. However, most successful Japanese 
firms use Equation 4.8 for their price structuring. Equation 4.9 is shunned 
because it implies "We cannot help it that this product cost this much. We 
still need to make this much profit on it." All costs then are borne by the 
customer. Due to the intense competitive environment, Equation 4.8 is 
preferred by the Japanese. Generally, the price of a car is determined by the 
marketplace. Thus in order to make a profit, the only option left is to lower 
the cost of the product as much as possible. Equation 4.8 drives all cost 
reduction programs in a pull environment and has proven to be very 
successful in Japan. 
Based on the above mentioned principles, we developed a cost model 
for the ST3000 product line. Chapter 5 will present an analysis and 
justification of how this model was used to aid in the cost validation as well 
as in the transformation of the product line. 
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CHAPTER 5 
DEVELOPMENT OF 513000 
COST MODEL 
The ST3000 cost model was primarily developed to help production line 
managers visualize the production process from three standpoints: (1) Process 
flow; (2) Work content per workcenter; and (3) Inventory management. The 
cost model included in Appendix Section A.2 represents the 400 inch Delta 
Pressure (DP) Transmitter. This transmitter class accounts for 
approximately 65% of all transmitter production and hence was included as 
an example. 
The process flow of the various transmitters captured by this model 
enabled production managers to think about process streamlining, or the 
Kaizen functionality discussed in Section 3.3. All transmitter families had 
their processes charted by these cost models and they were used to help 
understand the various process flows that existed on the ST3000 line. This 
understanding led to the development of standardized process flows for the 
majority of the transmitter classes. 
Secondly, the cost model was structured to trace all costs associated 
with a transmitter as it is processed by subsequent workstations in the 
-
assembly sequence .. This was referred to as the work content per workcenter. 
Three main costs were traced per workcenter, namely: (1) Direct Material 
Costs; {2) Direct Labor Costs; and (3) Overhead (Burden) Costs. These 
_ costs have been identified by the following symbols in the cost model [See 
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Appendix A.2]: 
L: direct labor costs per workcenter 
B: Burden or Overhead costs (% of L) 
M: direct material costs per workcenter 
Each workcenter in the process introduces elemental costs in relationship to 
the above mentioned parameters. These value added costs per workcenter 
were important to managers and were thereby included in the ST Cost 
Model. In addition, each workcenter traces the cumulative cost of the unit at 
that stage and this aids managers in defective part resolution. For example, 
.... 
if a transmitter was found to be defective after the E.T.S. Test [See Appendix 
Section A.2], the production manager would know that $184.136 had been 
invested into the 400 inch DP unit until that stage of assembly. Also, the 
cost model provides a pictorial representation of the remaining assembly 
workstations for a unit after the ETS test. This enables the manager to see 
the remainder of the costs associated for completion of the transmitter. 
Based on the estimated rework costs, a comparative analysis between the 
rework and scrap costs is then undertaken. The production manager then 
takes an informed decision regarding that particular transmitter - informed 
since he/she is aware of what components and costs have been accrued 
against the transmitter until that point. F11rthermore, this structure aided in 
cost accounting practices employed to consecutively trace product build costs. 
Accounting personnel were interested in capturing the costs of units that 
were scrapped along various points of the assembly stages. This information 
was used to trace scrap costs against revenue generated for the sale of scrap 
material. The Accounting Department developed a historical tracking system 
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to help analyze the ratio of scrap to revenue in an effort to reduce scrap as 
well as increase tqe revenue obtained from ·selling the scrap items. In 
essence, they were trying to reduce the ratio as far as possible. The cost 
model provided them with all the necessary transmitter costs along the entire 
process and thus enhanced the accuracy as well as availability of their data. 
Thus the cost data provided valuable work content information about each 
workstation as well as of the entire cumulative process. 
Thirdly, the cost model structure also enabled managers to study 
inventory distribution and accumulation per workstation. The goal was to 
help provide better inventory management capabilities. This helped 
hypothesize and implement more efficient inventory strategies. For example, 
in Section 6.3 we will see how critical the Staging Area was to the 
transformation of the production line and how it helped increase throughput 
by 250%. 
Overall, the cost model was structured to provide managers with a 
pictorial representation of the product line and its associated costs. The next 
step was to develop an interactive cost estimator using the data provided in 
this cost model. 
As mentioned in Section 5.1, the data captured by the cost model was 
to be used to enable "What-If' cost simulations for the product line. In order 
to do this, aggregate cost data was transposed from the cost model onto a 
relational database. This database was capable of tracking all associated 
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material, labor, and burden components. 
There are numerous advantages for using a relational database in 
tracking cost data for a process. A relational database ( such as dBase III+) 
uses a structured query language (SQL) to tra~k relationships between various 
bits of information [14]. These bits of information are organized into fields 
\ 
which are then aggregated into various records. The primary advantage of a 
relational database is that it eliminates data reduildancy in a system. 
Basically, one component and its associated cost has to only be entered once. 
This information can then be accessed by various independent queries. In the 
case of the ST3000 cost model, we indexed across the part number for the 
database. This number was unique per part and hence was the ideal 
candidate to use as an index for a relational database. Each transmitter 
class, e.g. the 400 inch DP transmitter, would be comprised of the data -
found in the cost model [See Appendix Section A.2] and the database was 
structured to automatically calculate the cost per workcenter as well as 
cumulative cost of the transmitter. 
A second advantage of a relational database is that it ensures global 
data changes. This then enhances the data accuracy for multiple models. 
For example, if one part was used on ten various transmitters and that part 
cost increased we would not need to change all ten models. Instead, in order 
to upgrade the associated transmitter costs, one would only need to change 
the cost for that · component in its own field. All other cost changes to the 
ten transmitter costs models would be done automatically based on this one 
change. This is much more efficient and accurate as opposed to making 
changes in ten different cost charts. The relational database thus helped 
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ensure data accuracy, which is critical for cost development. 
Thirdly, relational databases provide the capability to structure 
different access levels. These were used to restrict nnauthorized changes to 
the cost data captured in the. database. The Corporate Materials Manager 
was the only person authorized to change the cost data on the model. This 
cost data was referred to as the real cost data as opposed to the hypothesized 
cost data used for "What-If'' Simulations. 
The only access provided to managers to conduct "What-If' cost 
simulations was with higher level data that had been aggregated. This was 
done to prevent any discrepancies from becoming embedded in the cost 
model. Hence, managers had the capability to reduce or increase the labor 
time per workcenter, or likewise increase or decrease the associated material 
cost per workcenter. These changes would ,as mentioned above, be stored 
temporarily as hypothetical costs and not permanently as real costs. The 
database calculated the appropriate labor cost per unit ( depending on the 
labor grade employed at that operation) as well as the new total transmitter 
cost. By doing so, managers could analyze the effect of proposed process 
changes and their ramifications on the per unit cost of a transmitter. This 
added an extra dimension to the planned transformation of the ST3000 line 
from a push system to a pull one. 
The cost analysis was then used in conjunction with throughput, 
capacity, and line efficiency analyses to better determine the optimum course 
of action. The model was critical in providing real-time, continual cost 
information about a proposed change to the manufacturing line. Therefore, 
one did not need to wait until proposed changes had been implemented to 
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study the effects of the changes on unit cost of the transmitter. 
This process was highly iterativ~ and the· cost model presented in 
Appendix Section A.2 is representative of the current structure of the product 
line. It will definitely be upgraded as more changes are introduced to the line 
and hence is a dynamic representation of the product line at a given point in 
time. It is a critical tool used in liaison with others when planning the 
complete and exhaustive transformation of a product line. 
One must note, however, that the cost information enclosed in this 
thesis has been appropriately modified and is not reflective of the true costs 
incurred by Honeywell in the manufacture of the ST3000 transmitter. The 
numbers provided have been included for discussion purposes only. 
46 
CHAPTER.6 
TRANSFORMATION of the 
ST3000 PRODUCTION LINE 
In evaluating the ST3000 production line, we shall focus 
on 
improvements made in the workcell area and see how they impac
ted the 
overall production line. The front end of this product line is comprised of 
five automated assembly cell followed by characterization and 10
-hour test 
chambers [See Appendix Section A.l]. After the units successfully pass these 
tests, they are released to the workcell area for completion. 
The production schedule, which is based on a forecast, is disaggrega
ted · 
and scheduled at Cell 0. This is the initial load point of the produc
tion line. 
Units are tracked by using a barcode that is applied to the meter bo
dy. This 
barcode also contains manufacturing information which is decoded
 at every 
automated cell. After the units are processed from Cell O to C
ell 5 [See 
Appendix Section A.l] they are scanned manually and this information is 
downloaded to the Charles River Database SystemT M. This enables 
tracking 
of all units as they progress along the production line. The data
base also 
provides information on the throughput, first pass yield, workcell d
owntime, 
and utilization of the various workcenters along the assembly line. 
However, 
the parameters being measured did not aid in efficiently mana
ging the 
production line. 
This was exhibited by the high level of work-in-process invent
ory 
situated after the test chambers. Inventory turns were very low d
ue to an 
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excess of units being saheduled against a forecast for which no customer 
orders were available. The marketing forecasts had historically been i:q.flated 
and hence resulted in approximately $3.0 million of work-in-process inventory 
being maintained. This was unacceptable to management and required 
immediate attention. There was no coordination, or feedback, provided to 
the M.R.P. system so as to restrict its scheduling of additional units for 
which no orders had been received. Furthermore, some units were damaged 
while being stored on the shop floor. The units were stored on carts which 
were bumped, or stacked against one another and this resulted in damaging 
the diaphragm of the units. In essence, the units had no base position after 
they came out of the test chambers. 
Figure 6.1 shows the ST3000 workcell area before the pull 
transformation took place. The area directly below the "Prom Burn" bench 
was used to store units at random. This interfered with the housing sub-
assembly operation and continually took up more floor space. Additionally, 
it restricted the flow of components from the stockroom ( door on left) to the 
factory floor. In order to tackle this problem, two areas were initially 
targeted for improvement. The first was the housing sub-assembly and the 
second was the storage of the work-in-process meter bodies. 
The housing sub-assembly, as highlighted in Figure 6.1, was not 
planned from a production smoothing standpoint. The arrows reflect the 
process flow of the sub-assembly o~ly and this in itself is a maze to trace. 
Initially, this sub-assembly took up 800 sq. ft. and required 9.27 
minutes/housing. We felt that this operation could be better integrated into 
the workcell area. The resulting design will be presented in Section 6.2. 
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ST3000 STD. FACTORY WORKCELL AREA 
BEFORE 
. . 
• RFI ASSEMBLIES BUILT IN ANOTHER AREA (POTS) 
• HOUSINGS BUILT IN A BATCH MODE IN NON-·u· SHAPED LINE (800 sq. ft.) 
• WORKCELL PARTS STORED IN WORK AREA 
• OPERATORS NEED TO SELECT PARTS BY INTERPRETING SALES ORDER REQUIREMENTS 
• BATCH BUILD OF TRANSMITTERS THAU WORKCELL 
• NON-DEDICATED WORK ASSIGNMENTS (BUILDERS LOAD/UNLOAD 10 HOUR OVENS) 
• POOR CONTROL OF INVENTORY 
• POOR DELIVERY OF PARTS TO WORKCELL WHEN NEEDED 
• TASK TIME • 9.27 MINUTES/HOUSING 
Table 6.1 ST3000 Std. Factory Area Characteristics - BEFORE 
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Table 6.1 below provides characteristics of the workcell area before any 
changes were made to the process flow. It is apparent from the table that the 
utilization of factory floor space, personnel, and process flo:w)were not well 
planned. 
Let us first examine the ,,inventory management technique utilized. 
L 
Each operator along the assembly sequence needed to select parts by 
interpreting the sales order presented to him/her. There were instances in 
which the wrong parts were inadvertently added to the product and this was 
only detected when the unit arrived at the final assembly area. Secondly, 
inventory was supplied to each workstation and this was a tedious and hard-
to- manage scenario. It resulted in instances when the parts needed for an 
assembly were not available on the shop floor and the order would sit there 
until the stockroom had the opportunity to replenish the parts. This delay 
was viewed as a waste of manufacturing time and needed to be eliminated. 
Secondly, there was no accountability of manufacturing errors 
generated on the shop floor. Non-dedicated work assignments resulted in 
personnel handling various tasks as deemed appropriate and hence one could 
not trace who inadvertently introduced the error in the assembly. There was 
no sense of teamwork. People did what they felt was required from moment 
to moment. 
This work mentality resulted in limiting the throughput of the workcell 
area. Workers additionally would build varied batch sizes of units before 
sending them onto the next station for assembly. Once again, we felt that 
the batch size of each assembly could be driven down to one while 
maintaining the current ability to handle product variations. 
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The next section details how these areas were improved while 
simultaneously transforming the production line into a pull system. 
The ST3000 · workcell area provided ample room for improvement. As 
mentioned in the Section 6.1, there were concerns about inventory 
management, process smoothing, and employee effectiveness that needed to 
be addressed. Additionally, we needed to reduce the $3.0 million work-in-
process inventory that currently existed after the test chambers. Figure 6.2 
shows the final result of the changes made to the workcell area and these 
shall be explained next. 
The initial task undertaken was to optimize the housing sub-assembly 
and to better integrate it into the workcell area. It w·as determined that we 
could significantly reduce the floor space required for the housing sub-
assembly while simultaneously making this operation smoother. We 
primarily used the concepts of Process Kaizen to aid in this development. 
The resulting operation required only 324 sq. ft. and this represented a 60% 
reduction of floor space req11irements. Secondly, the operation was structured ( 
in a "U-Shape" flow and this provided us with a much smoother process flow. 
As seen in Figure 6.2, one can easily trace the process and does not get lost in 
the maze found in Figure 6.1. Thirdly, a gravity conveyor section was added 
to supply finished housings to the Staging Area. The function of this Staging 
Area is critical and will be discussed in Section 6.3. The new process flow 
also effectively reduced the operation time to 7.42 minutes/housing, a 20% 
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reduction in assembly time. The final sub-assembly operation time achieved 
-was 6.3 minutes per housing, a 40% reduction in assembly time. Basically, 
we removed any interferences from hampering the housing sub-assembly. 
Interferences like the clogging of access to this operation by the work-in-
process inventory, and the lack of process organization. Table 6.2 presents 
the cost savings realized by the changes that took place overall. This 
operation initially required 10.6 minutes per housing (previous to the 9.27 
minutes per housing improvement) and was finally reduced to 6.3 minutes 
per housing by effective production smoothing. The investment of $10,000 in 
a U.V. cure system was responsible for this final reduction in operation time 
and resulted in a savings of $79,000 per year. 
Table 6.3 below provides a summary of what was achieved after the 
transformation of the production line took place. It is reflective of how the 
three principles of the J. U.M.P. concept were applied to this production line. 
Their effective gains will be discussed in the section that follows. 
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HOUSING OPERATIONAL IMPROVEMENTS 
PRESENT SITUATION : (since 8/ 1 S/90) 
4.76 OPERATORS • 38 hra/day to BUILD 216 hags/day 
• 38 hra x 60 min. / ,i 16 
• 10.6 min/hag 
FUTURE SITUATION (by 10/30/90) 
3.0 OPERATORS • 24 hrs/day to BUILD 230 hags/day 
• 24 ,hrs x 60 min. / 230 
• 6.3 min/hag (40«1, REDUC. in TIME) 
SAYINGS : 
4.3 min/hag SAVED x 54,000 units 
------------X $23/hr • $89,000 
60 min/hag 
$89,000 - $10,000 ·I $79,000 J 
HOW: 
( 1) Shorten wires and ellmlnate tubing (IN-PROGRESS). 
(2) Eliminate 2-part Epoxy mix and cure by going 
to U.V. cure process ( < $10K Capital). 
(3) Relocate R.F.I. Assembly .to Build Area (TASK ASSIGNED) 
(4) Relocate ALL housing parts to work site (NEED DATE). 
(6) Provide J.I.T. delivery carts from vendor to assembly 
site (NEED TO ASSIGN TASK). 
Table 6.2 Housing Operational Improvements 
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ST3000 STD. FACTORY WORKCELL AREA 
AFTER 
• RFI ASSEMBLIES MOVED TO HOUSING AREA 
• HOUSINGS BUILT IN A ·u• SHAPED ASSEMBLY FLOW 
(324 sq. ft.) 
• HOUSINGS BUILT ·oNE AT A TIME• 
• WORKCELL PARTS STORED IN STAGING AREA 
• TRANSMITTERS BUILT ·oNE AT A TIME• 
• PARTS ARE DELIVERED TO WORKCELL OPERATOR 
·oNE AT A TIMc 
• DEDICATED WORK ASSIGNMENTS - ·BUILDERS BUILD, 
OVEN LOADERS LOAD"" (10 HOUR OVENS PULL WORK 
FROM PROM BURN) 
• PARTS ARE DELIVERED TO STAGING AREA JUST-IN-
TIME USING KANSAN CARDS 
• NO JOB RELEASED SHORT - NO SURPRISESII 
• BETTER CONTROL OF INVENTORY 
• TASK TIME • 7.42 MIN/HSG 
Table 6.3 ST3000 Std. Factory Area Characteristics - AFTER 
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The concept of a Staging Area was of critical importance in the 
successful development and implementation of the J. U.M.P. system. The 
staging area was developed to aid in inventory management and utilizes 
Kanban cards for production and withdrawal from other areas of the factory 
as well as from the stockroom. As seen in Figure 6.2, the staging area 
receives inventory from multiple locations in an organized manner. The 
inventory is received in pre-defined quantities in their respective Kanban 
totes. Table 6.4 below lists the components and sub-assemblies received fro,m 
the factory and/or vendors. There were numerous meetings with vendors to 
gain their cooperation to use the Kanban totes when supplying components to 
the product line. This introduced a high degree of predictability as far as 
inventory management was concerned. Some vendors increased their costs 
due to these changes but we were able to eliminate the repackaging 
operations that were done in-house. Before, the majority of the components 
were supplied in cardboard boxes and needed to be repacked into the Kanban 
totes. Now, the majority are supplied in recyclable Kanban totes that travel 
between the vendor and the company. Overall, this resulted in a net 
reduction of the inventory costs. 
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I. AT PRE-DEFINED STORAGE LOCATIONS: 
VENDOR 
NUMBER PART NUMBER DESCRIPTION BODYTYPE QTYJUNIT PACKING 
1 30755181 001 Neck GQ=i1ktt DP,GP,AP 1 Varitd 
2 30752785 007 0-Ring Ntoprtnt DP,GP,AP 1 'v'aritd 
~ 
~ 
3 30752008 001 Light End Cap -- . DP,GP,AP 1 48/box 
4 30752008 002 Dark End Cap DP,GP,AP 1 48/box 
-~ 5 80276388 001 Tdlon 0-Ring at HtQd DP 1 Varitd 
0) 
~ 6 30755237 001 Taflon 0-Ring at Htad GP 1 'v'aritd 
,, 
~ 
c+ 
r.o 
7 30669860 006 T tflon 0-Ring at Htad AP 1 Varitd 
8 30755237 002 Tdlon 0-Ring at Htad 6K PSI GP 1 Varitd 
.., 
~ C1l ~ 
00 i: 
.... 
g 3075307S 690 Bolts Alloy Stl. Ho. DP ,4 250/box 
10 30753076 010 Nuts Alloy Stl. Hu<. DP 4 Varitd 
.., 
8. 11 30753075 450 Bolts GP,AP ,4 Varitd 
s· 12 30753076 008 Nu1s GP,AP 4 Varitd 
c+ 
l:J" 
~ 
U) 
c+ 
~. 
II. DELIVERED/STORED ON OONVEYORS: 
= oq 
~ 
~ NUMBER PART NUMBER DESCRIPTION BOOYTYPE QTYJUNIT 
L 
13 307 55202 003 A-250 Modult DP.,GP,AP 1 
u 30754821 001 CST Moduli DP,GP,AP 1 
15 307 52557 003 Housing Asstmbly DP,GP,AP 1 
16 30753A67 001 CS Hto.ds. w/ SV DP 2 
17 30753467 002 St. St. H1ad, w/ SV DP 2 
18 30755124 005 CS H1ads GP,AP 1 
19 30755124 006 St. St. Htad, GP,AP 1 
Secondly, the first pass quality of transmitters released from. the 
workcell area also went up due to the staging area. Now we only had one 
person decoding the customer order and selecting the appropriate meter body 
and parts. The meter body was selected from the flow rack which was 
integrated to the Work-In-Process Tracking System and provided real time 
data on how many units of a particular type existed. Each type of unit now 
had its own home to go to after it cleared the test chambers. All parts were 
kitted 
into a bucket and released for assembly on the conveyor system. The quality 
went up since we now had a high degree of accountability for product 
releases. If wrong components were released, we knew they could only come 
from the staging area. The operator responsible for that operation could then 
be better trained. 
Additionally, operators were now forced to release and build units one 
at a time. Thi~ ensured that no orders would remain stagnant due to the 
lack of parts being available at a workstation further downstream. The 
staging area has two locations for every part and when one Kanban bucket is 
exhausted it is sent, via the bi-directional conveyor, to the stockroom for 
replenishment. In the meantime, the operator picks components from the 
second Kanban bucket. This system has worked very well and there have 
been no floor stockouts of components - a practice that would occur 
frequently in the old system. 
As mentioned in Section 5.1, the throughput of the workcell area 
increased by 250%. This was accomplished by two factors - (i) Staging Area, 
and (ii) Material Handling system. The impact of the material handling 
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system will be discussed in Section 6.4. The staging area, however, was 
instrumental in increasing the throughput because workers did not need to 
look for the correct components to assemble at every workstation. No jobs 
were released short from the staging area and hence this eliminated any 
surprises that might occur further downstream. The workers assembled what 
was presented to them and then released the assembly to the subsequent 
station. All of the time associated with looking for components, which in our 
transformation is treated as waste, w·as completely eliminated and 
transformed into production time. Once the assembly reached the last 
station in the workcell, it was removed from the tote and the empty tote was 
returned to be recycled via the middle conveyor. In this fashion, the staging 
area proved to be the central focus of the J.U.M.P. transformation for the 
ST3000 product line. 
The transformation of the ST3000 workcell area was initiated in August 
of 1990. The addition of the material handling system was coordinated 
during the shutdown period. The conveyor enabled us to standardize our 
batch sizes to that of one. This was important and en~bled the line to be 
flexible - one capable of accommodating any standard product variation while 
maintaining a three minute cycle time. 
The workstations developed to interface with this line had the same 
operations defined for them. This balancing had been preyiously 
accomplished and we were trying to better facilitate part movement through 
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the workcell area. Keeping the same operations at the workcenters proved to 
be effective as there was no associated learning curve for operators after the 
transformation. Additionally, they were now required to work as a team 
because the conveyor system had a very limited buffer capacity between 
stations. Therefore, starving or blocking of a station was very visible and 
demanded immediate attention since our line was operationally balanced. 
Previously, operators used carts to transport assemblies and the carts were 
effective in masking actual throughput. 
There were ergonomic considerations as well that were addressed with 
the introduction of the conveyor system. Operator fatigue was greatly 
reduced as the assemblies now presented themselves to the operators as 
opposed to having the operators look for them. The reaction to this 
implementation was positive and the operators themselves saw their ability 
to increase their output without having the job being more tedious. 
Additionally, there was the implementation of an extensive Continuous 
Training Program. Employee workteams were required to attend seminars 
on various topics ranging from Quality Control to Effective Team 
Development. Management's decision to support these training seminars was 
repaid by there being a more positive work attitude in the factory. Workers 
felt that they had been given a broader understanding of how their 
performance affected the overall success of the ST3000 product line. These 
seminars are conducted on a periodic basis and are required of all new 
operators. 
strongly. 
The transformation stressed employee involvement rather 
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The integration of the Work-In-Process System was another essential 
. 
factor in the transformation of the ST3000 line. One of the objectives of this 
effort was to better integrate the discrete production centers that existed in 
this line. The W.I.P. Tracking System proved to be the facilitator of such an 
integration. 
The integration required that the product line better communicate with 
itself as one entity as opposed to being divided into numerous discrete 
sections. In order for us to transpose this line from being push dependent to 
being pull dependent, we needed to rethink the scheduling strategy employed. 
Marketing forecasts were historically inflated and we needed to find some 
parameter more reliable than forecasts. The parameter we employed was 
actual customer orders. Hence, the scheduling function was more accurate 
and helped reduce the work-in-process inventory that had accumulated. 
The new scheduling strategy required that, as one unit was removed 
from the flow rack for assembly against a customer order, an identical one 
would be released at Cell 0. This enabled us to maintain a one-to-one 
correspondence between units shipped and units released for production. 
This also enable us to reduce the current backlog of orders. Forecasts require 
one to build units even if there is no current demand exhibited for the units. 
This creates an excess of inventory and limits units for which there is a 
demand from being scheduled. One of the rules for Kanban systems is to 
release only when a demand has been exhibited for product. Hence, we 
employed this logic on our scheduling system. This further enabled us to 
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reduce our Manufacturing Lead Time. Orders would pull product f~om the 
flow rack and not from Cell 0. Therefore, our effective lead time was 
measured from the staging area as opposed to from Cell 0. The reduction in 
lead time translated into more orders being shipped on time and the data to 
support this was well ;received by management. 
The data link to. the W .I.P. system was easily achieved via the 
disabling of the Daily Production Schedule controller. This was replaced by 
· the scanning of the barcode at the staging area. The information contained 
in the barcode then triggered a subsequent release of an identical meter body 
at Cell 0. Once again, the elements for implementation of this 
transformation already existed in the factory. However their utilization and 
integration was not investigated so as to fully exploit the advantages of such 
links. 
The J. U .M.P. transformation provides the conceptual guidelines for 
such a change. All improvements are made on a manageable scale over a 
duration of time. The key element being that the process will be continually 
improved. In the next chapter, I will outline the necessary steps needed to 
develop and implement such a transformation. 
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CHAPTER 7 
STEPS for J.U.M.P. TRANSFORMATION 
The JUMP transformation is comprised of nuI.Q.erous iterative steps. 
The strategy itself is based on the principle of continual improvements. 
Thus, one should periodically re-evaluate past changes in an effort to make 
other process improvements. Below is a list of the steps that need to be 
implemented in order to successfully transform a production line [1]: 
STEP 1: Identify a strategic product. 
STEP 2: Develop process flows. 
STEP 3: Document and capture process costs with a cost model. 
STEP 4: Identify appropriate benchmark parameters. 
STEP 5: Ensure data accuracy. 
STEP 6: Undertake employee understanding via continual training 
practices. 
STEP 7: Develop :flexible workteams. 
STEP 8: Reduce batch sizes. 
STEP 9: Effectively manage inventory allocation. 
STEP 10:Plan small, manageable and continual process improvements. 
In plaµning for the development and implementation of the Just-In-
Time Upgrade Manufacturing Philosophy, a company must first identify a 
strategic product. At Honeywell, management decided on the ST3000 
transmitter family for the following reasons: 
.'\____r 
(1) The transmitter was still in a relatively early 
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stage of it pr?duct life cycle and pres~nted 
ample opportunity for cost reduction. 
(2) Th~ product was technologically superior to its 
competitors and this resulted in increased 
product demand. 
(3) The company was looking to effectively decrease 
Manufacturing Lead Time thereby getting product to 
the customers prompVy . 
. ~ .,-
The process of identifying a strategic product is critical to the successful 
implementation of change on a product line. This decision should be 
carefully weighed by all departments (Marketing, Design, Manufacturing, and 
Accounting) as the transformation will affect each of them. 
Once a strategic product has been identified, one must develop process 
flows as found in the Appendix Section A.l. This helps visualize the process 
better and enables hypothetical discussions to take place with regard to 
proposed process changes. Some changes are not technologically feasible, 
whereas others can prove to be quite effective. Discussion, or brain stonning 
sessions need to be undertaken in order to examine all perspe~tives on a 
proposed change. These should be done early in the development phase of 
the J. U .M.P. implementation. 
Thirdly, one must develop a cost model to help study cost variability as .. 
a result of the proposed changes. In our transformation, we developed a 
relational cost model to help perform some "What-If" cost simulations. The 
cost aspect of the implementation should be continually tracked, ensuring 
that there is a payback associated with the changes as opposed to them being 
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only an expense. The ST3000 cost model has been maintained and is 
consistently upgraded to reflect current cost structures for the product line . 
. , 
Next, one must identify appropriate benchmark parameters to be used 
to evaluate process changes once they have been implemented. Honeywell 
chose only three, namely: (i) Line throughput; (ii) First pass yield; and (iii) 
Cost per unit. There are, however, several other parameters which could also 
have been included in this analysis such as line efficiency, equipment 
utilization, and manufacturing lead time. One must choose the appropriate 
parameters based on his product and process as well as have valid data for 
evaluating these parameters. 
Data accuracy is of vital importance in a transformation project of this 
type. Whether it be cost data, manufacturing data, or production data, it 
needs to be current and correct. Once the implementation is underway, extra 
attention must be directed towards ensuring the accuracy of the new data. 
The above mentioned steps primarily detail the development aspect of 
the transformation. On the implementation side, we primarily need employee 
understanding of concepts such as Statistical Quality Control and Just-In-
Time Manufacturing Techniques. Continual training proves to be the most 
effective technique to accomplishing employee understanding as well as 
acceptance of ideas. 
Furthermore, one must stress the development of flexible work teams for 
the shop floor. This concept provides employees with a greater feeling of 
· contribution to the overall production cycle. Furthermore, and more 
importantly, it reduces the degree of monotony associated with the 
traditional assembly lines where each person has one, and only one, 
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responsibility. 
However, in order to develop flexible workteams, one must consult the 
union representative. Unions have been historically against job description 
changes which originate from management. This apprehension on their part 
is primarily due to a feeling of job insecurity. Their view is that once 
management initiates job description changes, job reductions usually result. 
At Honeywell, we had numerous meetings _with union representatives to put 
forth the recommended fl~ible workteam development ideas. This was done · 
early in the development of the JUMP process as we needed to plan for 
contingencies based on the union reaction. The union reaction we received 
was positive since they understood that the changes would not result in work 
force reductions. It was, however, after lengthy discussions that we were able 
to impress upon them the advantages of flexible workteams. Therefore, it is 
recommended that the unions be approached early in the transformation as 
well as they be kept updated on the progress. This helps avoid any feeling of 
mistrust and insecurity that historically exist between unions and 
management. 
The process changes should also try to reduce batch sizes as much as 
possible. The ideal batch size of course being that of one. This reduction in 
batch sizes helps highlight or unmask less efficient production areas by 
encouraging continual product flow. If bottlenecks are discovered, then 
manufacturing engineers must investigate possible reallocation of operations 
to help balance the production line. 
Inventory management is another critical implementation area that 
needs to be studied carefully. By stocking multiple floor locations with parts, 
67 
\ 
\ 
. we find ourselves encountering floor -stockouts, mistaken assemplies, and a 
reduction of line throughput. Each operator has to spend a portion of his/her 
time to look for the correct components and this reduces cycle time. The 
cumulative effect of this is demonstrated in the reduction of line throughput. 
If however, one area was identified as an inventory stocking and release point 
( the Staging Area concept), the operators could better focus on their 
" 
assembly operations. In our implementation, this factor aided in increasing 
throughput by an astounding 250%. It also introduced a degree of 
accountability for assembly mistakes tha~ were discovered - they could be 
traced back to the release operator. 
This more efficient inventory management style can also result in 
higher first pass quality. If you have 10 people decode the same information, 
chances are some of them might make a mistake and inadvertently read the 
wrong thing. However, if you effectively train one person to be responsible 
for this task, you will get better results. This does not imply that the person 
now can only be situated at that operation. Continual training ensures that 
others in the work team will also be qualified to rotate into that operation. 
Lastly, the one should not plan overwhelming process changes all at 
once. This becomes unmanageable and results in a net loss from a process 
standpoint. One should plan small, manageable and continual process 
improvements and start with the easy ones first. If the above mentioned 
guidelines are followed, process transformations do not present themselves as _ 
mountains but rather as several small hills - each of which can be climbed in 
due time. 
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CHAPTER 8 
CONCLUSION 
The development and implementation of the Just-In-Time Upgrade 
Manufacturing Philosophy for the ST3000 product line proved to be very 
.: / 
\/ 
interesting and challenging. A previous investigation into the upgrade to an 
MRP-II system was rejected based on extensive costs as well as 
implementation time frames. .· It was at that point when we started 
investigating the· JUMP strategy for implementation on the ST line. Our 
estimates actually predicted a reduction in unit cost and the implementation 
time frame was defined as continual, starting immediately. Having gained 
management approval for this transformation, we started with an easy change 
- the housing sub-assembly. This one change itself resulted in cost savings of 
$79,000 per year and gave us the confidence to investigate others. 
Overall, the ST3000 JUMP transformation has been marked as a 
success. As a result of this, the following results were obtained: 
{1) A 250% increase in workcell throughput 
{2) A 98.4% first pass cumulative quality yield 
{3) A 27% cost reduction on a per unit basis 
The above three parameters should, in our opinion, .increase as the process of 
continual improvement across this line continues. 
The integration of the JUMP methodology was wholly responsible for 
this success and has been endorsed by division headquarters. Currently, 
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other product lines are being evaluated for similar upgrades and that in itself 
marks the success of this philosophy and implementation. The experience, on 
a personal level, has proven to be invaluable and I hope to continue 
investigating other appropriate instances for application of the JUMP 
concept. 
The work · presented· in this thesis is reflective of concep(s that are 
gaining more popularity domestically in the United States and are helping 
restructure manufacturing to become more competitive on a global scale. 
Trends in industry indicate that companies are embracing Just-In-Time 
. concepts. Vendors and companies alike are today more receptive to 
inventory concerns and are working together to develop long term alliances. 
The concept of zero inventory levels seems to be more realizable day by day. 
More importantly, however, there seems to be an apparent revitalization of 
the manufacturing sector - of critical importance because it is only through 
manufacturing that a country can generate wealth. 
·. 
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CUSTOM 
FACTORY 
• Flange 
Mount 
• Remote 
Seals 
' 
CELL #0 • METER BODY STAGING 
Unpack and place meter body on pallet 
Load pallet onto appropriate conveyor lane 
(DP) 100% · (GP) 
CELL #1 • WELD DIAPHRAGM (GP'S only) 
Weld Diaphragm to Meter Body 
Helium Mass Spectrometry Weld Leak Test 
98.3% 
CELL #2 • WELD SENSOR & SENSOR COVER 
Weld Sensor and Sensor Cover to Met~r B~y 
Hallum Mass Spectrometry Weld Leak Teet 
99.3% 
CELL #3 • Fill METER BODY 
FIii Meter Body 
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' 
Cumulative Yield = 90.8% 
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Receive Characterized Meter Body wtth FWA Module 
100% 
STAGING AREA 
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SHIP 
Cumulative Yield = 98.4% 
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